Simultaneous measure me nts of specifi c heat, electri cal resIstIVIty, and he mi s phe ri cal total e mittan ce of niobium·1 (wt. %) zirconium alloy in th e te mperature ran ge 1500 to 2700 K by a s ub second duration pulse heatin g tec hniqu e a re d escribed. Estimated inacc uracy of measured properties a re: 3 percent for specific heat and he mi sp he rical total e mittance, a nd 0.5 pe rcent for elect rical res istivity. Properties of th e alloy are co mpared with th e prope rties of pure niobium. It was found that s pecific heat and emittance of the alloy were approximately 0.5 pe rcent and 1.5 percent, re spectiv ely, hi gher than those of pure niobium. Electrical res istivity of the alloy was 0.5 percent lower than that of pure "io biuw. Like iliobiuw, the a Hoy showed Ci negaLive departu re; [l Um ~i j n::a ,ii y jll illt; l; UIVt; ur elecllit.:e:J resistivity ve rsus te mpe rature. Ke y word s: El ectri cal res istivity; emittan ce; high-s peed measure me nts; high te mperature; niobium· zirconium alloy; specifi c heat ; th e rmodynami cs.
Introduction
In this paper, application of a tran sie nt tec hnique to the simultaneous measurements of specific heat , electrical resistivity, and hemispheri cal total e mittance of the alloy niobium·1 (wt. %) zirconium in the temperature range from 1500 to 2700 K is described.
The method is based on rapid resistive self-heating of the specimen from room temperature to any desired high temperature (up to its melting point) in less than one second by the passage of electrical currents through it; and on measuring, with millisecond resolution , experimental quantities, such as current through the specim en, potential drop across the specimen, and specimen temperature. De tails regarding the construction and operation of the measurement system, the methods of measuring experimental quantities, and other pertinent information, such as formulation of relations for properties, etc. are given in earlier publications [1 , 2] . I
Measurements
The specimen was a tube of the following nommal dimensions: length , 102 mm; outside diameter, 6.3 ·This wo rk was s upported in part by the Directorate of Aeromechani cs and Energetics of th e U.S. Air Force Office of Scientifi c Research.
• Fi~ure s in brac ket s indica te th e lit erature referen ces at th e end of thi s paper.
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mm; and wall thickness, 0.5 mm. Zirconium content of the s pecimen was 1.05 percent by weight. The total amount of impurities was less than 0.17 percent; the major impurity was tantalum with 0.09 perce nt. Photomicrographs of the spec imen , shown in figure 1 , indicate that considerable grain growth took place as the result of pulse heating to high temperatures. To optimize the operation of the high-speed pyrometer, the te mperature inte rval (1500 to 2700 K) was divided into six ranges. One experiment was performed in each range. Before the start of the experiments, the specimen was annealed by subjecting it to 30 heating pulses (up to 2500 K). The experiments were conducted with the specimen in a vacuum environme nt of approximately 10 -4 torr.
To optimize the operation of the measurement system, the heating rate of the specimen was varied depending on the desired temperature range by adjusting the value of a resistance in series with the specimen. Duration of current pulses in the experiments ranged from 360 to 410 ms; and the heating rate ranged from 4500 to 6600 K s -I. Radiative heat loss from the specimen amounted to approximately 1 percent at 1500 K, and 9 percent at 2700 K of the input P?wer.
Experimental Results
The thermo physical properties reported in this paper are based on the International Practical Temper-
Photomicrographs of the niobium-} (wt_ %) zirconium specimen_
Upper photograph , specimen as received; lower photograph, specimen after the e ntire set of experiments. method described previously [2] , are given in the appendix (tables A-I and A-2). Each number tabulated in these tables represents results from over 50 original data points.
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Specific Heat: Specific heat was computed from data taken during the heating period. A correction for power loss due to thermal radiation was made using the results on hemispherical total emittance. Th e function for specific heat (standard deviation = 1%) that represents the results in the temperature range 1500 to 2700 K is: c p = 7.073 X 10-2 + 3.783 X 1O-4T-2.091 X 10 -7 T2 + 4.532 X 1O -11 P
where T is in K, and Cp is in J g-I K-l.
Electrical Resistivity: The electrical reSIstIvIty was determined from the same experiments that were used to calculate the specific heat. The function for electrical resistivity (standard deviation = 0.06%) that represents the results in the temperature range 1500 to 2700 K is: p= 12.50+ 3.199 X 1O -Q -l.387 X 10 -6T 2 (2) where T is in K, and p is in 10 -8 n m. The measurement, before the pulse experiments, of the electrical resistivity of the specimen at 293 K with a Kelvin bridge yielded a value of 16.2 X 10-8 n m.
Hemispherical Total Emittance: Hemispherical total emittance was computed using data taken during both heating and initial free radiative cooling periods. The function for hemispherical total emittance (standard deviation = 1 %) that represents the results in the temperature range 1700 to 2600 K is: E=-l.647 X 10-1 +3.056 X 1O-4T-4.749 X 1O-8 T2
(3)
where T is in K.
Estimate of Errors
The details for estimating errors in measured and computed quantities in transient experiments using the present measurement system are given in an earlier publication [2] . In this paper, the specific items in the error analysis were recomputed whenever the present conditions differed from those in the earlier publication. The results for imprecision 2 and inaccuracy 3 in the properties are: 1 percent and 3 percent for specific heat, 0.06 percent and 0.5 percent for electrical resistivity, 1 percent and 3 percent for hemispherical total emittance.
Discussion
The specific heat, electrical resistivity, and hemispherical total emittance of the niobium-1 (wt. %) 2 Imprec isi on refe rs to th e sta ndard deviation of an individual point as compu ted from the difference between measu red value and that from the smooth function ob tained by th e le ast squares method.
;) Inaccuracy refers to the estimated total error (random and sys tema ti c).
zirconium alloy measured in this work are presented in figure 2 . A comparison of the present results for the alloy with those for pure niobium [4] obtained using the same method is given in figure 3 . It may be seen that specific heat and hemispherical total emit· tance of the alloy were approximately 0.5 percent 0--:
TEMPERATURE ,K 2500 FIGURE 3. Differences in specific heat , electrical resistivity, and hemispherical total emittance of niobium·} (wt. %) zirconium alloy from those of pure niobium.
The zero line corre sponds to results of pure niobium [4J.
47 and 1.5 percent, respectively, higher than those of pure niobium. The difference in specific heat cannot be accounted for by the additivity law. Electrical resistivity of the alloy was 0.5 percent lower than that of pure niobium. However, one should not place too much significance to these differences since their magnitudes are less than the combined estimated errors in the measurements for the alloy and for the pure metal.
At 293 K, electrical resistivity of the alloy (16.2 X 10-8 n m) is higher than the resistivity of pure niobium (15.9 X 10-8 n m) [4] . However, at high temperatures ( fig. 3 ) the resistivity of the alloy is lower than that of niobium. A similar trend was also observed in the electrical resistivity of the alloy tantalum-lO (wt. %) tungsten [5] . Like niobium, at high temperatures the alloy showed a negative departure from linearity in the curve of electrical resistivity versus temperature.
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